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© Process for the preparation of a lubricating base oil. 

© Process for the preparation of a lubricating base oil with a high viscosity index and a low pour point by 
catalytic dewaxing, which process comprises contacting under dewaxing conditions a feedstock containing at 
least part of the hydrocrackate of a wax-containing mineral oil fraction, which feedstock has a kinematic viscosity 
at 100 # C of at most 10 mm 2 /s, with a dewaxing catalyst. The invention further provides a lubricating mineral 
base oil comprising hydrocarbons with a boiling point of at least 250 " C, and having a viscosity index of at least 
1 25 and a pour point of at most -20 " C. 
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PROCESS FOR THE PREPARATION OF A LUBRICATING BASE OIL 

The present invention reiates to a prooess for the preparation of a lubricating base oi. with a high 
viscosity and a low pour point varjet ^ of refining processes . 

Lubricating ba*, .^^^^^^9 ^.ubricatingbase oi. with a suitabie viscosity 
Generally these refimng processes ^ '(ewo »» a viscosity- 
index. Other usual characteristics for lubricati ng follows. A crude oil is 

The preparation of high viscosity index lubricating base oils ^ a residuei known 

separated by distiHation , ^^Si into a number of 

.ubricating base oils are ■^S^.ffS^S Safcan be removed by known 
removed from the ^ aromatics and wax can subsequentiy be 

rr^::r;s i wn as bri9 ht ^ ^ wa x «*« ^ - 

the various lubricating base oi. fractions ^hTj^scosity index lubricating base oils are 
in GB-A-1 .429,494 a process is d.sclosed n which high b 
prepared by catalytic hydroaacking o wax M « obtoned ^ j« * a fractioni ^ by 
separating 2the hydrocracked product '^^J^^^S^ws carried out using a mixture 
dewaxing the residua, fraction to form , a lubncating ^^"JJE^ index of up to about 155. 
of solvents. The lubricating base o.l obtaine . Mh. •^^STSbS* the viscosity index of the product 
The drawback of the known process res ides in the feet * certajn ap p lications . 

obtained is excellent. *e .pour J £TC£S« « "* l0W ' 

S"aSST rrSl^TbS * so.id«y. These constituents are in particular tine 
unbranched paraffinic molecules. jnt ^ a hj h viscosity 

^^^'S^^^^^^ removing' waxy paraffins thereby 
index are contradictory, and that a balance is i to new . ^ , ubricatin g bas e oil. which 

obtaining a desired low pour point. ^^^^Sf^^^^ ** the production 
contribute to a good vscosity ^^^"^^SricJg oil stock, which has a low pour point 
of a lubricating base o.l. referred to therein , as lube , stock or wd g interme diate 
, and a high viscosity index. Th.s is sa.d to be achieved by a two step pr 00 , 

product opined af,r a ^de^ Cabove J. jjj^ P 

i.e. the pour point of the product 0Dta,nea *" er 7 . jN jndex m attainable, it appears from the 
that lubricating oil stocks with SUthe pour point is relatively high. 

oafclyst preferably in the presence °< Mrogen. ff^SS^Sd" to ^pawnee of . seolMc 

C£ 'S^J^SrSLSStSS zeoliS tea. .beta. «. and m i«ures 
ZSM-35, ZbWKU, ^aivioo, ^om -to, w " . . u ^ mn ri- M * rnmDosite crvstcd ne aumimum 
. rbereot » * esp^ly prefened * «. £E2£3ILTS^. by nre^g an 
silicate as descnbed in EP-A-1 78.699. s>ucn a crysiaii . p » aluminium compounds. 

MueouS stamnn mi*** ~J ™ ^Sflel* (MX) and an org^io 

one or more compounds <* m«*of 9n>ep M wk ^ has femled ^ 

s^si. r**tsss!i.iii ^ - — *» — ■ - 



2 



EP 0 324 528 A1 



compounds are present in the starting mixture within the following molar ratios: 
RN : R4NY » 6 - 3000, preferably 25 - 600, in- particular 40 - 450, 
Si0 2 : FUNY = 200 - 10000, preferably 300 - 2000, in particular 450 - 1500, 
Si0 2 : AI2O3 = 60 - 250, preferably 65 - 200, 
5 Si0 2 : MX< 10, and 

H2O : Si0 2 - 5-65, preferably 8 • 50, 

RN representing a pyridine and R*NY representing an organic quaternary ammonium compound. 

RN preferably represents a compound selected from the group consisting of pyridine, alkyl pyridines 
and substituted-alkyl pyridines, and in particular represents pyridine. The substituent R in the quaternary 
70 ammonium compound is preferably an alkyl group in particular containing from 1 to 8 carbon atoms, and Y 
represents an anion. More preferably the compound R*NY represents tetrapropyl ammonium hydroxide. For 
further details on the preparation of the composite crystalline aluminium silicate reference is made to EP-A- 
178,699. 

The catalyst may further contain one or more hydrogenating metals from Groups 6b, 7b and 8 of the 
75 Periodic Table of the Elements or one or more compounds thereof. Of particular interest are the metals 
molybdenum, tungsten, chromium, iron, nickel, cobalt, platinum, palladium, ruthenium, osmium, rhodium 
and iridium. Platinum, palladium and nickel are especially preferred. The metals or their compounds may be 
deposited on the zeolites by means of any method for the preparation of catalysts known in the art, such as 
impregnation, ion-exchange or (co)precipitation. 
20 The metal-loaded catalysts suitably comprise from 1 to 50 %wt, preferably from 2 to 20 %wt, of a non- 
noble metal of Group 6b, 7b and/or 8; noble metals of Group 8 are suitably present in the catalysts in an 
amount of from 0.001 to 5 %wt preferably from 0.01 to 2 %wt, all percentages being based on the total 
catalyst. 

The catalytic dewaxing is preferably carried out at a temperature of 200 to 450 * C, in particular from 
25 250 to 400 ° C, and at a space velocity of 0.1 to 5.0 kg/l.catalysth, in particular from 0.5 to 2.0 kg/l.h. When 
the dewaxing is carried out in the presence of hydrogen the hydrogen (partial) pressure is preferably from 

10 to 200 bar, in particular from 30 to 150 bar and the hydrogen/feedstock ratio is preferably from 100 to 
2000 Nl/kg, in particular from 300 to 1000 Nl/kg. 

The product of the catalytic dewaxing may contain some relatively light products, i.e. products with a 

30 boiling point below 300-400 "C, e.g. below 370 *C. Suitably these products are separated from the 
dewaxed product, generally by distillation, to yield one or more light fractions and a lubricating base oil 
fraction. It is an advantage of the present invention that the yield on lubricating base oil is high. The 
complete effluent or the lubricating base oil fraction may conveniently be subjected to a hydrotreating step. 
The said hydrotreating step is known in the art and may be carried out at known conditions. Suitable 

35 conditions include a temperature of 150 to 330 " C, a hydrogen (partial) pressure of 30 to 150 bar, a space 
velocity of 0.5 to 4.0 kg/l.h and a hydrogen/feedstock ratio of 100 to 2000 Nl/kg. Suitable hydrotreating 
catalysts comprise nickel, cobalt, tungsten, molybdenum, platinum, palladium or mixtures thereof on a 
carrier, such as alumina, silica-alumina, silica, zirconia, zeolites and the like. The catalyst may further 
comprise fluorine, phosphorus and/or boron. Advantageously the hydrogen pressure in the hydrotreating 

40 step is substantially the same as in the dewaxing step. The temperature, gas rate and space velocity can 
be selected by the person skilled in the art, suitably from the range given above. 

The feedstock for the catalytic dewaxing is suitably a part of the hydrocrackate of a wax-containing 
mineral oil fraction. The hydrocrackate has conveniently been obtained by hydrocracking the wax-containing 
mineral oil fraction over a hydrocracking catalyst at a temperature of 360 to 420 * C, a hydrogen (partial) 

45 pressure of 50 to 200 bar, a space velocity of 0.5 to 2.0 kg/l.catalysth and a H 2 /mineral oil fraction ratio of 
500 to 2000 Nl/kg. The hydrocracking catalyst can be selected from any hydrocracking catalyst known in 
the art. Suitably the hydrocracking catalyst comprises a carrier and at least one hydrogenating metal or a 
compound thereof, which carrier has been selected from the group consisting of silica, alumina, silica- 
alumina and the faujasite-type zeolites. The most preferred faujasite-type zeolite is zeolite Y. The most 

50 preferred hydrogenating metals are nickel, cobalt, tungsten and molybdenum and mixtures thereof, but 
platinum and/or palladium may also be used. The catalyst may further comprise fluorine and/or phosphorus 
and/or boron. When nickel, cobalt, molybdenum and/or tungsten are used as hydrogenating metal, they are 
preferably present in the form of their sulphides. 

The starting materials for the hydrocracking step is a wax-containing mineral oil fraction. As is known in 

55 the art, wax consists essentially of paraffinic hydrocarbons which readily separate by crystallization when an 

011 fraction containing them is cooled. Conveniently wax includes those hydrocarbons which separate by 
crystallization when the oil fraction is cooled to a temperature which may be as low as -50 * C, suitably from 
-10 to -40 °C, either in the absence or presence of one or more solvents, such as a ketone (methyl ethyl 
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— acetone, ». en eon,* 

used comprises at least 50% by weight of pars*™ p ; eferabh , w ^-ensuing 

fraction comprises at least 80 A °V we '« nx °' h described above, 

is slack wax separated ^6^^*^ TtoZZeoi may be passed directly to the 
The hydrocrackate or at least the lubn^S^ ' °" to subject the hydrocrackate or the lubricating 
catalytic dewaxing step. It may. however, be ^^^^^J^ that can be recycled to 

the hydrocrackmg step. The J fae out & described in the above Bntish patent 

ZRJZSFS '. ^ - d to,uene or a mixture of a drfferent ketone 

and/or a different aromatic compound. lubricating base oils, having a low pour point. 

The present process •^£ ( £S^iTt toi to prepare very high VI lubricating mineral 
The person skilled in the art ,s ScSaw provides a lubricating mineral base 

base oils having very low pour pants. Accord ngly. flw .present process i p ^ ^ 

oil comprising hydrocarbons ^ . , bo,.,ng £td £ M » ft and fJ^J^ ^ ^ 
125 and a pour point of at most -20 ft p eferably « « ™* ddjtives Due t0 the low pour 

index and pour ^^^S^^TJ^^ P-ur point depressants is greatly 

t«TS» S 2 223: SS^rr^ process as 
described above. o rac *nt invention mav be as high as 160 and the 

boiling point of at least 250 ft 8u tebly *e J*^^^X«2« boil for at least 90 %wt 
least 90 %wt at a temperature of I M » J^5?to«* 370 * C Such hydrocarbons are suitably 

H present invent sieo . to a ^ JU^J-JJ*. Jjj- J" 

« owning hydrooarPons «* » «!^^ S£5i£?E£L "** 
125 ana a pout point of at most -20 c. ana one or mo . » carboxylates. In particular 

« opnonaa, ovetbased datergantsj ^^^^^S^. and Z foam Inhibit. 
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M ^ c , ae . HAwflvina catalvst was used which has been prepared in 

S ST d^ Xn otl ca£U snowed una 



55 following lines: 
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Different feedstocks were used in the experiments, but they have all been obtained by hydrocracking 
slack waxes from different mineral crudes. 

Feedstock A comprised the hydrocrackate of slack waxes and had the following characteristics: the 
kinematic viscosity at 100 f C (V k 100) was 4.75 mm 2 /s; the pour point (ASTM D-97) was 42 °C; the initial 
boiling point was 350 * C and there was a 50% recovery at 449 " C. The wax content determined at -30 * C 
in the presence of methyl ethyl ketone(MEK)/toluene (1:1 volume ratio) was 31.1 %wt. 

Feedstock B was a fraction of the hydrocrackate of slack wax which had been subjected to solvent 
dewaxing with a MEK/toluene mixture (1:1 volume ratio) at -22 # C, and which had the following characteris- 
tics: V k 100 of 8.0 mm 2 /s and a pour point of -18 " C. 

Feedstock C was a fraction of the hydrocrackate of slack waxes which had been subjected to a solvent 
dewaxing step like feedstock B but at a temperature of -26 ' C. It had a V k 100 of 5.4 mm 2 /s and a pour 
point of -18 'C. 

Feedstock D was similar to Feedstock B and C, and had been solvent dewaxed at -26 ' C. and had a 
V k 100 of 4.2 mm 2 /s and a pour point of -21 * C. 

Feedstock E was a fraction of a slack wax hydrocrackate having a V k 100 of 6.27 mm 2 /s and a pour 
point of 38 * C. The initial boiling point was 345 ' C, and 50 % was recovered at 480 " C. The wax content 
determined in the presence of a MEK/toluene mixture at -30 ° C was 21 .6 %wt. 

Feedstock F was a fraction of the hydrocrackate of slack wax which had been subjected to solvent 
dewaxing with MEK/toluene at -22 * C. The V k 100 was 5.60 mm 2 /s and the pour point was - 16 " C. 
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The experiments of this Example have been carried out on feedstocks A to D in a 300 ml reactor 
loaded with the above dewaxing catalyst diluted with 0.2 mm SiC particles in a 1:1 volume ratio. The 
experiments with solvent dewaxed feedstocks B,C and D employed a catalyst loaded with 0.2% by weight 
of palladium. The conditions under which the experiments have been carried out are indicated in Table I 
below. The product of the dewaxing was separated in a number of fractions and the fraction boiling at >370 
" C was recovered as the desired lubricating base oil. The results of the experiments are indicated in Table 

I. 
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f Experiment No. 


1 [ 


2 [ 


3 


*"1 


5 | 


I 


7 


I Feedstock 

I Tamnoratl trfi (* I 

I i ©inperaiuioi w i 

WHSV f kg/l.h 
H 2 pressure, bar 
j gas rate, Nl H 2 /kg | 


M 
380 

1.0 

90 

700 


380 
0.8 
90 
700 


C~ 

400 
1.0 
40 
700 


c| 

380 
1.0 
40 
700 


360 
1.0 
90 

700 


360 
1.0 
90 
700 


D| 
340 
1.0 

90 
700 


YIELD, %wt on 
feedstock 










- 






Cs-370 * C 
j >370 * C 


, 51.2 
8.0 
40.7 


54.0 
7.5 
38.5 


j 26.9 
5.1 
68.0 


29.2 
14.0 
56.8 


20.8 
10.8 
68.4 


I 29.1 
15.3 
55.6 


I 24.0 
11.5 
64.5 


OIL 

PROPERTIES 
















J V k 100, mm 2 /s 
I pour point, C 


4.89 
127 
-42 


4.86 
125 
-47 


7.85 
135 
-36 


5.23 
127 
-51 


5.34 
130 
-40 


4.30 
126 
•39 


4.33 
130 
-33 J 
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From the above results it is apparent that the process according to the invention yields lubricating base 
oils with excellent pour points and VPs. 



EXAMPLE 2 



In the experiments of this Example two reactors were used in senes, each of fte size of thereactor 
30 used in Example 1. The first reactor was loaded with the dewaxing catalyst as ,n Example 1 loaded wrth 
0» by weight palladium. The second reactor contained a hydrotreating catalyst comprising 2.5 %wt of 
rtckel IsTSJt of molybdenum and 2.9 %wt of phosphorus on alumina, the percentages be,ng based on 
S cJatet Th Operating conditions were: H 2 pressure of 90 bar. a gas rate of 700 Nl H 2 /kg feedstock, 
id alpace velcJy, based on each reactor, of 1 kg/l/h. The temperatures in the reactors (T, and T 2 . 
35 respectively) and the results of the experiments are indicated in Table II. 
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The above results show that excellent lubricating base oils can be obtained when the dewaxing process 
according to the invention is followed by a hydrotreating step, 

5 Claims 

1 . Process for the preparation of a lubricating base oil with a high viscosity index and a low pour point 
by catalytic dewaxing, which process comprises contacting under dewaxing conditions a feedstock contain- 
ing at least part of the hydrocrackate of a wax-containing mineral oil fraction which fraction comprises at 

to least 50% by weight of paraffinic hydrocarbons, which feedstock has a kinematic viscosity at 100 * C of at 
most 10 mm 2 /s, with a dewaxing catalyst. 

2. Process according to claim 1 , which is carried out in the presence of a zeolitic catalyst comprising at 
least one zeolite selected from the group consisting of ZSM-5, ZSM-11, ZSM-23, ZSM-35, ZSM-12. ZSM- 
38, ZSM-48, offretite, ferrierite, zeolite beta, zeolite theta, zeolite alpha and mixtures thereof. 

ts 3. Process according to claim 1, which is carried out in the presence of a zeolitic catalyst comprising a 
composite crystalline aluminium silicate obtainable by maintaining an aqueous starting mixture comprising 
one or more silicon compounds, one or more aluminium compounds, one or more compounds of metals of 
Group 1a of the Periodic Table of the Elements (MX) and an organic nitrogen compound at an elevated 
temperature until a composite aluminium silicate has formed and subsequently separating the crystalline 

20 aluminium silicate from the mother liquor, wherein the various compounds are present in the starting 
mixture within the following molar ratios: 
RN : FUNY = 6 - 3000 
SiCfe :FU NY = 200- 10000 
Si0 2 : AI2O3 = 60- 250 

25 Si0 2 : MX< 10, and 
H 2 0 : Si0 2 = 5-65, 

RN representing a pyridine and R*NY representing an organic quaternary ammonium compound. 

4. Process according to any one of claims 1-3, which is carried out at a temperature of 200 to 450 "C 
and at a space velocity of 0.1 to 5.0 kg/I.catalysth. 
30 5. Process according to any one of the preceding claims, which is carried out in the presence of 

hydrogen. 

6. Process according to claim 5, which is carried out at a hydrogen (partial) pressure of 10 to 200 bar 
and a hydrogen/feedstock ratio of 100 to 2000 Nl/kg. 

7. Process according to any one of claims 1-6, in which the dewaxing catalyst comprises one or more 
35 metals from the Groups 6b, 7b and 8 of the Periodic Table of the Elements or one or more compounds 

thereof. 

8. Process according to any one of claims 1-7, in which the complete effluent or the lubricating base oil 
fraction of the product of the catalytic dewaxing is subjected to a hydrotreatment. 

9. Process according to any one of claims 1-8, in which the feedstock has been obtained by 
40 hydrocracking the wax-containing mineral oil fraction over a hydrocracking catalyst at a temperature of 360 

to 420 * C, a hydrogen (partial) pressure of 50 to 200 bar, a space velocity of 0.5 to 2.0 kg/I.catalysth and a 
H 2 /mineral oil fraction ratio of 500 to 2000 Nl/kg. 

10. Process according to claim 9, in which the hydrocracking catalyst comprises a carrier and at least 
one hydrogenating metal or a compound thereof, which carrier has been selected from the group consisting 

45 of silica, alumina, silica-alumina and the faujasite-type zeolites. 

11. Process according to any one of claims 1-10, in which the wax-containing oil fraction contains from 
50 to 95 %wt of wax, separated by cooling the mineral oil fraction to a temperature which may be as low as 
-50 0 C. 

12. Process according to any one of claims 1-11, in which the wax-containing mineral oil fraction 
50 comprises at least 80% by weight of n-paraffins and i-paraffins. 

13. Lubricating mineral base oil comprising hydrocarbons with a boiling point of at least 250 ° C, and 
having, in the absence of additives, a viscosity index of at least 125 and a pour point of at most -20 ° C. 

14. Lubricating mineral base oil according to claim 13 wherein the pour point is at most -30 * C. 

15. Lubricating base oil according to claim 13 or 14, having a viscosity index of up to 160 and a pour 
55 point as low as -75 * C. 

16. Lubricating base oil according to claim 15, having a viscosity index of 130 to 150 and a pour point 

of -60 to -30 * C. 
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17 Lubricating base oil according to any one of claims 13-16, comprising hydrocarbons which for at 

-i? ss&ttzxzz " s — — - ■ — * * *°° 

' ° iV LubS^ oil whenever prepared in a process according to any one of Cairns 1-12 

20. uSSR oil composition comprising a lubricating base oil accord.ng to any one of claims 13 19 
and one or more lubricating oil additives. 
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